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jit.  abstract 

U.  SPONMRIN*  MILITARY  ACTIVITY 

Foreign  Technology  Division 
Wrlght-Patterson  AFB,  Ohio 

It  is  necessary  to  know  the  specific  heat  capacity  of  milk 
products  for  many  tecnnlcal  calculations.  During  a  study 
of  the  heat  properties  of  ice  cream,  we  determined  the 
specific  heat  capacity  of  milk  fat  and  non-fat  dry  milk. 
Mixing  was  used  for  measurement.  To  do  this,  a  water 
calorimeter  with  silver  2-liter  containers.  The  tempera¬ 
ture  of  the  water  was  measured  by  calibrated  thermometers 
accurate  to  0.001  degrees. 
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It  is  necessary  to  know  the  specific  heat  capacity  of  milk 
products  for  many  technical  calculations.  During  a  study  of  the 
heat  properties  of  ice  cream,  we  determined  the  specific  heat 
capacity  of  milk  fat  and  non-fat  dry  milk.  Mixing  was  used  for 
measurement.  To  do  this,  a  water  calorimeter  with  silver  2-liter 
containers.  The  temperature  of  the  water  was  measured  by  calibrated 
thermometers  accurate  to  0.001°, 

Samples  of  the  fat  or  the  non-fat  dry  milk  were  loaded  into 
brass  cartridges  completely  closed  with  threaded  caps  with  a  seal. 
They  were  placed  into  steel  cartridges,  large  in  diameter,  which 
were  closed  by  rubber  stoppers  and  they  were  submerged  into 
eutestic  solutions  when  working  from  negative  temperatures  or 
into  a  special  instrument  at  positive  temperatures. 

The  eutectic  solutions  were  frozen.  The  temperature  of  the 
samples  was  3-*l0  below  the  freezing  temperature  of  the  solutions. 

The  samples  at  the  low  temperatures  kept  for  2b  hours  and  those 
at  temperatures  above  32°  kept  for  two  hours. 
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The  temperature  of  the  samples  being  studied  was  fixed  by 
a  thermometer  (0,1°  scale  spacing)  located  in  the  middle  of  the 
sample  (control  cartridge)  that  checks  the  temperature  of  the 
eutectic  solution .  As  a  rule,  the  temperatures  were  identical. 
Temperature  was  also  checked  in  a  steel  cartridge  after  the  sample 
was  removed  from  it. 

The  computation  of  the  heat  capacity  for  the  milk  fat  and 
the  non-fat  dry  milk  was  done  by  a  heat  balance  equation.  This 
equation  takes  into  consideration  the  latent  heat  of  fusion  in 
the  ice  in  the  case  of  non-fat  dry  milk. 
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where : 


K  is  the  weight-  of  the  wa£er  in  the  calorimeter  (in  g) ;  C*  is  the 
negative  heat  capacity  of  the  water;  K  is  the  water  eaui valent 
of  the  calorimeter;  At  is  the  adjustment  difference  for  the  final 
temperatures  of  the  main  and  the  initial  period:  m  is  the  weight 
of  the  milk  fat  or  the  non-fat  dry  milk  (in  g) ;  c  is  the  specific 

A 

heat  capacity  of  the  miterial  being  investigated:  is  the  heat 

magnitude  a  cartridge,  which  is  equal  to  the  sum  of  the  products 
from  the  weights  of  a  cartridge  and  a  seal  to  their  specific  heat 
capacities;  t  is  the  final  temperature  of  the  water  in  the 
calorimeter  (in  °C);  t  is  the  temperature  of  the  sample  being 
studied  (in  °C) . 


The  latent  h.eat  of  fusion  in  the  Ice  r  was  calculated  by  the 
formula  r  *  79-6  +  G,6t,  where  t  is  the  temperature  of  the  eutectic 

The  milk-fat  sample  was  separated  from  butter  employing 
extraction  by  a  mixture  of  different  volumes  of  sulfuric  and 
petroleum  ethers  in  the  presence  of  a  small  amount  of  ammonia. 

After  extraction  the  ether  was  distilled  and  the  obtained  milk  fat 
ri&d  the  following  physicochemical  rronerties: 
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freezing  temperature  2k° 
melting  temperature  30.5° 
iodine  number  36. 1. 

After  the  fat  precipitates  from  the  extraction  of  the  ether 
mixture  were  separated  from  it  and  the  ether  was  subsequently 
distilled,  the  non-fat  dry  milk  was  dried  at  B0°C.  Milk  prepared 
in  such  manner  contained:  fat  -  traces,  moisture  -  2.2%. 

The  table  contains  part  of  the  experiments  on  the  calorimetric 
determination  of  the  heat  capacity  of  milk  fat  and  non-fat  dry 
milk.  Figures  1  and  2  show  the  dependence  of  the  specific  heat 
capacity  of  the  studied  substances  upon  temperature. 


■Heat  capacity  of  milk  fat  and  non-fat  dry  .milk. 
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KEY:  (1)  Experiment  No.;  (2)  Weighed  portion  of  matter  (in  g) : 

(3)  Temperature  of  sample  (in  °C)  ;  (Jl)  Water  temperature  in 
calorimeter  (in  °C)  :  (5)  Correction  for  radiation;  (6)  At  (in  °C)  : 
(7)  c  (in  cal/g  °C);  (8)  Milk  fat;  (0)  Non-fat  dry  milk. 
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Fig.  l.  Dependence  of  the  heat 
capacity  of  milk  fat  upon  temper¬ 
ature. 

KEY:  (1)  Specific  heat  capacity 

(cal/g  °C);  (2)  Temperature,  (°C). 


Fig.  2.  Dependence  of  the  heat 
capacity  of  non-fat  dry  milk 
upon  temperature. 

KEY:  (1)  Specific  heat  capacity 

(cal/g  °C);  (2)  Temperature  (°C). 


Determination  of  the  heat  capacity  of  milk  fat  is  encumbered 
by  the  crystallization  process  of  its  Individual  comoonents , 
which  is  lengthy  not  only  in  time  but  also  in  the  rather  wide 
temperature  interval.  Thus,  the  glycerides  of  fat  have  the 
following  melting  temperatures:  tri stearin  +71°,  tripalmitin  +65°, 
trlmyrlstin  +‘55°  and  triolein  -5°.  It  has  been  established  by 
the  investigations  of  many  authors  that  complete  crystallization 
of  fat  is  accomplished  in  the  course  of  four  hours  from  the  instant 
it  begins  to  cool.  In  our  experiments  the  samples  kept  2b  hours. 

Also  the  nonuniformity  of  the  temperature  distribution  in 
the  studied  sample  affects  the  accuracy  of  the  findings.  Since 
fat  refers  to  poor  heat  conductors,  temperature  equilibrium  in  a 
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calorimeter  la  established  very  fast.  This  leads  to  great  heat 
losses.  The  calculation  of  these  losses  by  common  formulas  is 
difficult  and  possibly  is  not  quite  accurate. 

The  heat  capacity  of  milk  fat  in  liquid  form  was  determined 
at  a  water  temperature  in  the  calorimeter  no  lower  than  32° .  In 
the  experiments  where  the  fat  was  in  solid  form,  water  temperature 
in  the  calorimeter  was  not  lower  than  the  solidification  tenner- 
ature  of  the  fat. 

The  approximation  of  the  water  temperature  of  the  calorimeter 
to  the  freezing  or  melting  temperature  of  the  fat  affects  specific 
best  capacity,  since  the  latent  heat  of  fusion  in  the  individual 
components  of  fat  is  not  used  in  the  calculation  (experiments 
Nos  .  9 ,  12  and  15)- 

From  the  presented  table  and  Fig.  1,  it  follows  that  a 
linear  function  is  observed  between  its  specific  heat  capacity 
and  temperature  at  temperatures  above  the  melting  temperature 
of  the  fat.  This  function  can  be  expressed  by  the  following 
equation  derived  on  the  basis  of  experimental  data: 

c*-0,3f»8  +  0,002lt,  where: 

t  is  the  temperature  of  the  fat  (above  the  melting  temperature). 

When  the  aggregation  state  of  the  fat  is  changed,  i.e., 
after  transformation  into  the  solid  state,  the  linear  function 
between  heat  capacity  and  temperature  is  disrupted  and  can  be 
expressed  by  an  exponential  function  equation  of  the  following 
type  : 


c,B'-0,C7-!-0,18c°.'t,  where: 

t  is  the  temperature  of  the  fat  (below  the  freezing  temperature), 
e  is  the  base  of  natural  logarithms. 


FTD-HT-2 3-207 2-71 


5 


As  follows  from  the  table  and  Pig.  2,  for  the  specific  heat 
capacity  of  non-fat  dry  milk  and  for  milk  fat  higher  than  the 
melting  temperature,  a  linear  function  of  tenroerature  is  character¬ 
istic.  This  function  can  be  expressed  by  the  equation: 

c  “  0,236  H-  0,0038t; ,  where : 
t  is  the  temperature  of  non-fat  dry  milk. 


